Introduction
============

Ectoparasites are a common and important cause of skin diseases in dogs and cats. They have a worldwide distribution and are capable of disease transmission. Ectoparasites cause life-threatening anemia and occasionally hypersensitivity disorders in young and debilitated animals ([@b4-ijad-6-70]). Some ectoparasites of pet animals, notably fleas, can infest humans and may lead to the development of dermatitis and transmit vector-borne diseases ([@b34-ijad-6-70]). Human infestation with *Otodectes cynotis* (Hering, 1838) has also been reported ([@b22-ijad-6-70]). Ticks, after mosquitoes, are the second most important arthropods that may transmit pathogens like viruses (Crimean-Congo hemorrhagic fever, Colorado tick fever and tick-borne encephalitis), bacteria including rickettsiae (Rocky Mountain spotted fever, Tularemia, Q fever, Ehrlichiosis and Lyme diseases), protozoa (Babesiosis) and filarial nematodes (Onchocerciasis) to other animals and humans. Cases of human parasitism (such as Astrakhan fever) have been reported by *Rhipicephalus sanguineus* from southeastern Europe too, i.e., from Bosnia and Greece ([@b19-ijad-6-70], [@b8-ijad-6-70]). Ticks also cause paralysis, the condition caused by toxins found in the saliva of ticks ([@b36-ijad-6-70]). Canine demodiciosis caused by *Demodex canis* is considered to be a part of the normal fauna of the canine skin and is present in small number of most healthy dogs. Diagnostic procedures, such as trichography or skin biopsy may be required to obtain an accurate estimation of the mite infestation ([@b34-ijad-6-70]). Sarcoptic mange is a highly contagious non-seasonal and pruritic skin condition caused by infestation with *Sarcoptes scabiei* var. *canis*, a burrowing mite, which is transmitted by direct contact between dogs. Otoacariosis, caused by *O. cynotis*, is characterized by irritation, rubbing, ear twitching, scratching and head shaking particular in cats. Other parasites such as *Trichodectes canis* are highly host specific, but they can act as an intermediate host for the tapeworm *Dipylidium caninum* that may affect humans, especially children ([@b34-ijad-6-70]). Because older animals may acquire immunity, puppies appear to be most susceptible to *O. cynotis* ([@b13-ijad-6-70]). Various studies have found that *Ctenocephalides felis*, *C. canis* and *Pulex irritans*, are the 3 most common flea species on dogs. Different species of ticks and fleas may infest dogs and cats in different geographical regions. *C. felis* was the most prevalent species in London ([@b6-ijad-6-70]), Egypt ([@b1-ijad-6-70]), and Denmark ([@b26-ijad-6-70]), while *C. canis* was the dominant species in dogs in rural parts of the United Kingdom ([@b10-ijad-6-70]), Dublin ([@b5-ijad-6-70]), and Australia ([@b12-ijad-6-70]). *Pulex irritans* was the prevalent species in dogs of the southern part of USA ([@b25-ijad-6-70]), and this species was also commonly found in dogs in Hawaii ([@b20-ijad-6-70]).

Methods of deep and superficial skin scraping, acetate tape preparation, combing the entire body surfaces, otic swabs and clinical trials are usually used for the detection of ectoparasites ([@b34-ijad-6-70]). In urban or suburban areas, people traditionally raise dogs as pets. Health check-ups protect pets from infestation by ectoparasites. Thus, knowledge of types of species, density and prevalence of ectoparasites is needed to effectively control them ([@b34-ijad-6-70], [@b32-ijad-6-70]). Scarce information is available on the parasites of dogs from Iran. *C. canis* was reported as the most common ectoparasite in Shiraz, Southern Iran ([@b24-ijad-6-70]).

To the best of our knowledge, this is the first report examining the prevalence of various ectoparasites infesting companion dogs in Ahvaz District, South-west of Iran. We conducted this study in order to determine the prevalence of ectoparasite infestations in companion dogs of this area.

Materials and Methods
=====================

In the present investigation, ectoparasites were collected from 126 companion dogs (53 Terriers, 42 mixed breed, 11 German shepherd, 5 Spitz, 5 Pekingense, 4 Great Dane, 3 Doberman Pinscher, 2 Lahasa apso and one Shitzu) with age range 2 months-- 8 years. They were referred to Veterinary Hospital of Shahid Chamran University of Ahvaz District, in southwestern Iran. This area is located at an elevation of 12 meters above sea level and the climate is warm-humid. Weather parameters were obtained of weather bureau of Khuzestan Province. The studied animals were divided into three groups based on the age (\<1 year, 1--3 years and \>3 years). Classification was made by sex, breed and region also. Most of the studied dogs were referred for a healthy check up and vaccination. Age was estimated by dental formulary and owner information's.

The dogs were examined for ectoparasite infestation by a complete examination of the skin, clinical trials, skin scraping, acetate tape preparation, otic swabs, and combing of the whole body with a stainless steel fine-toothed comb ([@b37-ijad-6-70]). The skins of all dogs were palpated and visually inspected thoroughly for the presence of ticks. All ticks were manually removed carefully to ensure that the mouthparts remained intact and collected together with any fleas and lice in the comb. The ticks and lice removed from the animals were stored in 70% ethanol. All dogs were assessed for fleas by combing for 5 minute exactly ([@b37-ijad-6-70]). The combing samples were collected in 70% ethanol also. All fleas were counted at 40× and identified at 400× microscopically. Bilateral otoscopic examination was carried out for clinical signs of erythema, inflammation, excess debris or exudates. The visual presence of mite movement or black ceruminous exudates was indicative of *O. cynotis*.

Deep ear swab specimens were obtained from both ears from all dogs. All ear swab specimens were examined microscopically (at 40× for detection and 400× for species identification) within 24 h with mineral oil for the presence of mites. Deep and superficial skin scraping was performed with mineral oil in suspected dogs to mites. Skin scrapings and ear swabs were placed in 10% potassium hydroxide and gently heated to scales, crusts and hair or aural material. Thereafter, the material was centrifuged, and the sediment was microscopically examined for mites. A 2 × 2 inch section of hair was clipped from the ventral abdomen on each dog. The clipped hair was collected in 70% ethanol. All hair samples were thoroughly examined with aid of microscope for the presence of nits, lice, mites, fleas and other arthropods. The specimens were mounted on a glass slide with mineral oil preparation. Each slide was completely and carefully examined microscopically for superficial ectoparasites. Finally all arthropods were identified microscopically at 40× to species using the diagnostic keys ([@b2-ijad-6-70], [@b17-ijad-6-70]).

The study was approved by Ethic Committee by Shahid Chamran University of Ahvaz.

Statistics analysis
-------------------

Dogs were grouped by age, sex, breed and season to determine whether these factors were associated with ectoparasite infestation, using chi-square analysis and Fisher's exact test. Statistical comparisons were carried out using SPSS 16.0 statistical software. Differences were considered significant at *P*\< 0.05 level.

Results
=======

A total of 126 companion dogs were randomly selected from approximately 550 dogs referred during the four time periods. Samples were collected from 25, 32, 27 and 42 dogs in spring, summer, autumn and winter seasons respectively. Thirty six out of 126 referred dogs (28.57%) were positive for external ectoparasites. The most common ectoparasites were lice and ticks followed by mites and fleas. *Heterodoxus spinigera, Rhipicephalus sanguineus, Sarcoptes scabiei*, *Otodectes cynotis*, *Xenopsylla cheopis, Cetenocephalides canis, C. felis*, *Hippobosca* sp. and myiasis (L3 of fly *Lucilia* sp.) were identified on 11 (8.73%), 9 (7.14%), 7 (5.56%), 6 (4.76%), 3 (2.38%), 3 (2.38%), 2 (1.59%), 2 (1.59%) and one (0.79%) of the studied dogs respectively ([Fig. 1](#f1-ijad-6-70){ref-type="fig"}"A-J"). Mixed infestation with two species of ectoparasites was recorded on 6.35% (8 out of 126) of the dogs. *R. sanguineus* plus *O. cynotis* infestation were the most common combination ([Table 1](#t1-ijad-6-70){ref-type="table"}). Most of infestations were in mixed breeds (45.23%, 19 out of 42) and terriers (16.98%, 9 out of 53). Prevalence was higher in male dogs (35.82%, 24 out of 67) than females (20.33%; 12 out of 59), age above 3 years (31.81%, 7 out of 22) ([Table 2](#t2-ijad-6-70){ref-type="table"}) and in the season of winter (30.95%, 13 out of 42) ([Table 3](#t3-ijad-6-70){ref-type="table"}), but the difference was not significant relative to host gender, age, breed and season (*P*\> 0.05). *Heterodoxus spinigera* lice were recorded on 1, 9 and 1 of the dogs examined in seasons of autumn, winter and spring respectively, but they were absent in summer. Otoscopic examination of both ears revealed mite movement and black ceruminous exudates. They were typically indicative of the presence of *O. cynotis* in (4.76%, 6 out of 126) dogs. The affected dogs to *S. scabies* had the typical signs of mange mite infestation, such as pruritis, papules, and alopecia. The average temperature for spring--winter was 29.83, 37.26, 23.2, and 17.86° C, respectively. The average relative humidity for spring--winter was 31.0, 23.66, 52 and 61.66% as well.

Discussion
==========

The present study is the first reach on the prevalence of infestations in companion dogs in Ahvaz District. It was revealed that 28.57% of the dogs were infested to ectoparasites. These results indicate that ectoparasites are relatively common in companion dogs of this area, as many parts of the world. According to our study, *H. spinigera* (8.73%) and *R. sanguineus* (7.14%) were the most abundant ectoparasites, followed by mites and fleas.

The canine sarcoptic mange and the ear mite (*O. cycotis*) can infest humans and cause pruritic skin lesions ([@b22-ijad-6-70]). Fleas not only act as intermediate hosts of tapeworms but also directly infest human. Humans, if parasitized, may be exposed to babesiosis, Rocky Mountain spotted fever, ehrlichiosis, borreliosis or tick paralysis ([@b34-ijad-6-70]). Several reports ([@b3-ijad-6-70], [@b24-ijad-6-70],) have documented ectoparasite infestations among dogs in Iran. *Ctenocephalides canis* and *C. felis* have been reported on various host species from different parts of Iran, but their prevalence was not noted ([@b3-ijad-6-70]). In research of Jafari Shoorijeh, the most common ectoparasite was *C. canis*, which infested 22 of the 160 dogs. In their study, *Pulex irritans* was identified on 2 of the dogs and 142 *R. sanguineus* ticks were found on 13 dogs. *Trichodectes canis* was observed on 2 dogs and 8 dogs had Hippobosca flies, which were seen mostly in spring. All superficial skin scrapes for mite detection were negative ([@b24-ijad-6-70]). The ticks feed on a wide range of hosts; however, all stages of *R. sanguineus* are primarily associated with dogs ([@b14-ijad-6-70]). Lice are reportedly the most common ectoparasites on dogs of the northern hemisphere ([@b11-ijad-6-70]). *Heterodoxus spiniger* was found on 11 of 126 dogs infested with ectoparasites in our study. It is a major ectoparasite of the dog population in Ahvaz District.

In several studies, *D. canis* has been reported as the most frequent infestation ([@b31-ijad-6-70]), but the current study was not consistent with previous studies. These differences can not be easily explained, but it may be attributed to epidemiological factors, such as weather, seasonal variations, geographical location, intrinsic resistance, and particularly the age of the animals examined ([@b31-ijad-6-70]). Studies from various parts of the world have indicated that *C. felis*, *C. canis*, and *P. irritans* are the most commonly occurring flea species in dogs. It is reported that *C. canis* is the dominant species in Dublin, regions of England and Australia ([@b29-ijad-6-70], [@b38-ijad-6-70]). However, [@b21-ijad-6-70] reported that *C. canis* was not identified among the dogs examined for fleas in Florida.

The greatest prevalence infestation of ectoparasites belonged to fleas which followed by ticks, 89% and 30% infestations, respectively ([@b16-ijad-6-70]).

In our study, the most common ectoparasites were lice and ticks followed by mites and fleas. Although utilization of an otoscope or cotton-tipped swab for the diagnosis of ear mite and examination of vellus hair for the sarcoptic mange might have increased the detection rates of those mites, but only the skin scraping technique is definitive for diagnosis ([@b18-ijad-6-70]).

A comparative study of ectoparasite infestation of different breeds of dogs was performed in four veterinary clinics in Nigeria. Of a total of 820 dogs examined, 30.0% were infected by ticks, 27.6% by lice, 25.8% by fleas and 13.3% by mites. The species of ectoparasites identified and their prevalence rates were: *R. sanguineus* (19.5%), *O. megnini* (10.5%), *C. canis* (25.8%), *Demodex canis* (13.3%) ([@b35-ijad-6-70]). A total of 344 dogs belonging to people in North West Province, South Africa, were examined for ectoparasites, accordingly the dogs harbored 14,724 ixodid ticks belonging to 6 species, 1,028 fleas belonging to 2 species, and 26 lice. Pure infestations of *H. leachi* were present in 14 dogs and *R. sanguineus* in 172 dogs ([@b7-ijad-6-70]). In western Romania, the most common flea in dogs was *C. felis*, followed by *C. canis* and *P. irritans* ([@b30-ijad-6-70]). Hippobosca flies were found on 2 of 126 (1.59%) dogs infested with ectoparasites in our study. In Kabul, Afghanistan, 25 of 105 dogs had *Hippobosca capensis* ([@b28-ijad-6-70]). It is stated that dogs less than 1 year old are more susceptible to ectoparasite infestations ([@b27-ijad-6-70], [@b31-ijad-6-70], [@b9-ijad-6-70]). In contrast, in the present study, the higher prevalence was seen in the dogs of above 3 years old, compared with younger 3 years old. Because older animals may acquire immunity, puppies appear to be most susceptible to ectoparasites; of course the difference was not significant. In the present survey, we found that the prevalence of ectoparasites was more frequent in male dogs (35.82%) than females (20.33%) without significant difference. This is agree to the results of other researchers ([@b31-ijad-6-70], [@b33-ijad-6-70]), who suggested that both sexes are susceptible to the infestation of ectoparasites.

Mean (±SD) of temperature and relative humidity of Ahvaz District were noted during the collection period in our study. Among the 36 ectoparasite positive dogs, the highest involvement was recorded in winter season (30.95%), but the difference was not significant. [@b15-ijad-6-70] reported that the highest number of parasites occurred in summer in Nigeria, whereas Alcaino et al. (1999) established that they are predominant in spring in Chile, showing a distinct decrease since the beginning of summer, until completely disappearing in autumn. For *C. canis*, [@b23-ijad-6-70] considered that the most favorable months for adults are summer-autumn, maybe due to the higher temperature and humidity, whereas the most unfavorable period is that from winter-spring, due to low temperature and humidity. To prevent the possibility of continued transmission of ectoparasites from pet animals, practicing veterinarians should advice pet owners to pay attention to and be aware of ectoparasites of zoonotic importance.

To the best of our knowledge this is the first study conducted in Ahvaz District, South-West of Iran that examined the prevalence of ectoparasites in companion dogs population, however, this survey was limited to the Ahvaz area and additional studies are required to complement these findings and help veterinarians prepare a complete program for the control of these parasite populations and their associated diseases.
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![The original pictures of ectoparasites found in companion dogs of Ahvaz District including (A) *S. scabies*, (B) *O. cynotis*, (C) *Hyppobosca* sp., (D) *H. spiniger*, (E) The affected dog to myiasis (L3 of fly *Lucilia* sp.), (F) *R. sanguinus* (female), (G) *R. sanguinus* (male and female), (H) *X. cheopis*, (I) *C. felis*, (J) *C. canis*. The pictures were taken by a digital camera in the Parasitology Lab of the Faculty of Veterinary Medicine, Shahid Chamran University of Ahvaz.](ijad-6-70f1){#f1-ijad-6-70}

###### 

Occurrence of mixed ectoparasite infestations in companion dogs in Ahvaz district, South-west of Iran, 2009--2010 (n=126)

  **Mixed-species ectoparasite infestation (Two species)**   **Number (Prevalence %)**
  ---------------------------------------------------------- ---------------------------
  *Ctenocephalides felis + Heterodoxus spinigera*            1 (0.79)
  *Xenopsylla cheopis + Heterodoxus spinigera*               1 (0.79)
  *Rhipicephalus sanguineus + Otodectes cynotis*             3 (2.38)
  *Heterodoxus spinigera + Sarcoptes scabiei*                1 (0.79)
  *Ctenocephalides canis + Hippobosca* sp.                   2 (1.59)
  **Total**                                                  8 (6.35)

###### 

Number of ectoparasite infestations in companion dogs based on different ages in Ahvaz district, South-west of Iran, 2009--2010

  **Season**        **Age\<1 years**   **Age 1--3 years**   **Age \>3 years**   **Total**
  ----------------- ------------------ -------------------- ------------------- -----------
  *H. spinigera*    9                  2                    0                   11
  *R. sanguineus*   3                  3                    3                   9
  *S. scabiei*      5                  2                    0                   7
  *O. cynotis*      3                  1                    2                   6
  *X. cheopis*      3                  0                    0                   3
  *C. canis*        1                  0                    2                   3
  *C. felis*        2                  0                    0                   2
  *Hippobosca*      0                  0                    2                   2
  Myiasis           0                  0                    1                   1
  **Total**         26                 8                    10                  44

###### 

Number of ectoparasite infestations in companion dogs based on different seasons in Ahvaz district, South-west of Iran, 2009--2010

  **Season**        **Autumn**   **Winter**   **Spring**   **Summer**   **Total**
  ----------------- ------------ ------------ ------------ ------------ -----------
  *H. spinigera*    1            9            1            0            11
  *R. sanguineus*   3            1            2            3            9
  *S. scabiei*      0            3            3            1            7
  *O. cynotis*      1            0            3            2            6
  *X. cheopis*      2            1            0            0            3
  *C. canis*        1            0            0            2            3
  *C. felis*        0            1            1            0            2
  *Hippobosca*      0            0            0            2            2
  Myiasis           0            0            1            0            1
  **Total**         8            15           11           10           44
